In the present study, a hybrid Fourier transform and Variational Iteration
Introduction
Most phenomena in the real world are described through nonlinear equations which have been attractive to scientists in recent years. There are significant developments in the use of various methods for the semi analytical methods of partial differential equations such as the Homotopy Perturbation Method (HPM) [1] and Variational Iteration Method (VIM) [2] .The VIM is developed by employing a correction functional and general Lagrange multiplayer for the differential equation, then by the variational principle the optimum value is obtained for the correction functional and it is solved using the iteration method ( [3] ). Linear and nonlinear wave equations, KdV, K(2,2), Burgers, and cubic Boussinesq equations have been solved by Wazwaz [4] using the Variational iteration method. However, the solutions of these problems are valid only in one-directional problem domain either in time or space domains. In other words, the unsatisfied boundary conditions in the solutions of the VIM and other semi-analytical methods play no role in the final results. Nourazar [5] recently introduced Fourier Transform Variational Iteration Method, which gives rapidly convergent successive approximations of the exact solution if such a solution exists. This has proved successful in deriving analytical solutions of linear and nonlinear differential equations. This method is preferred to numerical methods as it is free from rounding o errors and does not require large computer power/memory. Nourazar [5] has applied this method and obtained analytical solutions of Linear and non-linear Cauchy Reaction-Diffusion equations. In the present study we employ FTVIM method for solving the gas dynamics equation. Consider the homogeneous gas dynamics equation
With initial condition u(x,0) = g(x) and boundary condition ) (
Evans and Bulut have solved this equation with Adomian Decompositiom Method (ADM) [6] , and Jafari et
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al., have solved gas dynamic problem by Homotopy Perturbation Method (HPM) [7] , Homotopy Analysis Method (HAM) [8] , and Variational Iteration Method (VIM) [10] .
Basic Idea of Fourier Transform Variational Iteration Method
The general forms of time-dependent one-dimensional nonlinear partial differential equations are considered for illustrating the idea of the present method (FTVIM) as follows Eq. (2):
The operator E can, generally speaking, be divided into two parts, linear and nonlinear, as:
And the boundary conditions Eq. 5:
Applying Fourier Transform to Eq. (3) and (4) we obtain:
Where, F indicates the Fourier transform. We develop a correction functional to eq. 6 as follow:
Where, ũ is a restricted variation whose first variation ) ,
, vanishes. Taking the first variation from both sides of Eq. (7) we get the following:
If we apply Fourier transform in Eq. (8) we have:
The main step in the Variational iteration method is to calculate the optimal value of ) (ξ λ in Eq. (8) . From Eq.(9), the optimal value of ) (ξ λ in Eq. (7) is obtained as follow: 
Integrating by parts, Eq.(11) can be written as:
Equation (12) yields the stationary condition as: Equation (12) in turn gives the optimal value of λ which, we call this optimal value opt λ , substituting this back into Eq.(10) and after adding the nonlinear operator from Eq. (7) gives the iteration formula as: 
Using the Maple package we solve Eqs. (15) 3 Applying FTVIM for gas dynamics equation
In this section, we apply FTVIM to Gas dynamics problem (Eq.1) where the solution of its Fourier Transform Variational Method is valid in both time and space domains. Consider the nonlinear gas dynamics Eq. (1) We construct a correction functional as:
Integrating by parts we get
, and using recursive manner eq. 21 can be rewritten as: This is the exact solution of the nonlinear gas dynamics equation. Finally, it is obvious that applying the Fourier Transform Variational Iteration Method (FTVIM) provides a very rapid convergent solution, especially by determining the exact solution and minimizing the size of calculations. In other words, the FTVIM avoids the difficulties and massive computational work by determining the analytic solution.
